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I. Introduction 

The subject of today's Grand Rounds is a review of the two myeloid colony-stimulating factors, 
G-CSF and GM-CSF, that have been released for the treatment of neutropenia. However, these 
molecules represent only the first of probably 20 or more cloned human factors that affect the growth 
and differentiation of hematopoietic cells and which are currently either in phase I trials or undergoing 
preclinical studies in animals. 
Although it is outside the 
scope of today' s discussion, 
Table 1 lists many of these 
cytokines, their chromosome 
location, and size (for a re
view, see Reference 1 ). Of 
note, the genes for a number 
of these growth factors cluster 
on the long arm of human 
chromosome 5, and nearly all 
of the factors are relatively 
low molecular weight glyco
proteins of 1 0 -40 kilodaltons. 
In Table 2, the cellular source 
and major target cells of many 
of these cytokines are listed. 
As we shall see later, recent 
studies are beginning to define 
subfamilies of related mole
cules, bringing some order to 
this bewildering array of 
apparently unrelated cyto
kines . 

In addition to the cyto
kines themselves, the last 
decade has also seen the 
identification and cloning of 
the genes for the specific cell 
surface receptors that are 
expressed on the target hema
topoietic cells and permit a 
biological response to the 
relevant cytokine. Although at 
first glance, it might seem that 
the receptor molecules would 
not have a potential for clinical 
use, in fact, the receptors of 
many of these growth factors 
have already been engineered 
into a hybrid molecule consist-

Table 1. Cytokines involved in the regulatton of hematopoiesis 

Molecule Synonym 

Hematopoietic growth factors 
SCF MGF. kit -ligand 
multi -CSF IL·3 
GM-CSF CSF·a 
G·CSF CSF-~ 

M-CSF CSF-1 
Erythropoietin 

Non·CSF in te rleukins 
IL-l-a 
IL-l -~ 

IL-2 
IL-4 
IL-5 
IL-6 
IL-7 
IL-9 

hemopoietin-1 

TOGF 
BSF-1 
BCGF-11. TRF 
IFN -~2. BSF2 

p40 

Growth factor-inducing factors 
TNF-a cachectin 
Lymphotoxin 
IL-6 
IFN-y 

Chemotactic factors 
IL-8 
MCAF 
MIP-1 
MIP-2 

Others 
LIF 
Activin 
lnhibin 
Oncostatin M 
TGF-~ 

TNF-~ 
see above 

type- 11 IFN 

NCF/NAP. TCF 

HILDA 

Chromos. 
localisat. 

nr 
5q 
5q21-32 
17q ll -22 
5q33 
7q21 

2q l4 
2q l4 
-lp 

Sq 
5q 
7p21 
8ql2-13 
nr 

6p23 
6p23 

12 

nr 
nr 
nr 
nr 

22q12 
nr 
nr 
nr 
nr 

mRNA 
kb 

nr 

1.6 
1.~.0 

~.0 

::! .2 
1.6 
0.9 
0.9 
1.7 
1.3-1.6 
1.8-2.-1 
0.8 

1.6 
1.7 

1.7 

1.8 
0.7 
nr 
nr 

4.0 
nr 
nr 
2.0 
1.8 

~W. kD 

18 
14-1 8 
14-35 

36--90 
3~-35 

17-3 1 
17-3 1 
15 

12-18 
~-~ 

17 
-10 

17 
18 

15-45 

10 
32 
8-10 
8 

24 
nr 
32 
28 
25 



Growth factor 

IL-L 
IL-2 
IL-4 
IL-5 
IL-6 
IL-7 
IL-8 
IL-9 
IL-LL 

Growth factor 

Erythropoietin 
GM-CSF 

IL-3 

G-CSF 
M-CSF 
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TABLE 2 
Hemolymphopoietic Growth Factors: Interleukins 

Source 

Monocytes, leukocytes 
T cells 
T cells 
T cells 
Fibroblast, leukocytes, epithelia l cells 
Leukocytes 
Leukocytes 
Leukemic cell line 
Stromal cell line 

MaJOr target ce ll 

Monocyte, neutrophil , endothelial ce ll , fibroblast 
T cell 
Cofactor for myeloid proliferation 
Eosinophil 
B cell , myeloma cell, myeloid precursors, T cell, megakaryocyte 
B cell, megakaryocyte 
Granulocyte 
Helper T cell, erythroid progenil<>r 
Megakaryocyte, B cell, blast cell 

Hemolymphopoietic Growth Factors: Colony-Stimulating Factors and Erythropoietin 

Source 

Kidney 
T cells, monocytes, 
Endothelial cells, fibroblasts 
T cells, macrophages (?) 

Monocytes, fibroblasts, endothelial cells 
Monocytes, endothelial cells, placenta, human urine 

Major target cell 

Erythrocyte 
Granulocyte, monocyte, eosinophil, 

erythroid, megakaryocyte 
Granulocyte, monocyte, eosinophil, 

erythroid, basophil, megakaryocyte 
Granulocyte (others at high concentration ) 
Monocyte 

ing of human IgG molecules in which the two antigen binding sites are replaced by the ligand binding 
region of the cytokine receptor. Potentially, these constructs can be used to scavenge and block the 
activity of the targeted growth factors with an affinity that is generally several orders of magnitude 
higher than that obtained using monoclonal antibodies. Moreover, the lgG construct appears to have 
the same long half-life in the circulation that is characteristic of native human IgG. 

Finally, the possibility also exists to create novel molecules altogether that are fusions of two 
known cytokin.es . One of these, a fusion of GM-CSF and IL-3 called PIXY321, is already in phase I 
clinical trials (for a review see Ref. 2). Surprisingly, this fusion molecule seems to have novel 
properties that are different that one would see by simply mixing the two separate cytokines (3). Of 
course, along these lines, many additional studies will be forthcoming that look at the clinical effects 
of combinations of growth factors, the most widely reported to date examining GM-CSF and IL-3 (4· 
6) . 

Today, however, our task is somewhat simpler, as we will focus on the two hematopoietic 
growth factors that have been released for the treatment of neutropenia, G·CSF and GM-CSF. For 
those of you who are interested in the history of the discovery of these factors in in vitro assays, and 
the approach to their cloning and initial trials in animals, I reviewed this subject in a previous Grand 
Rounds approximately 5 years ago, at a time when both G·CSF and GM-CSF were just being tested 
in humans in phase I trials. Thus, today, we have approximately 5 years of experience with the 
human clinical use of these hematopoietins, which have been employed world-wide since their FDA 
approval in February 1 991 _ 



II. Structure of G-CSF 

As shown in Figure 
1, G-CSF is an 18-22 kD 
protein synthesized from a 
gene located on the long 
arm of human chromo
some 1 7. The genomic 
organization of the gene 
consists of 5 exons span
ning 2 kilobases of DNA, 
which is processed into 
the mature G-CSF protein . 
Two types of G-CSF arise 
from splicing differences, 
containing either 177 
amino acids (a-type) or 
174 amino acids (b-type). 
In the molecule lacking the 
three amino acids at posi
tion 35, 0 -glycosylation 
occurs at a threonine at 
position 133 (Fig . 2) . The 
molecular mechanisms that 
control the size of the G
CSF molecule produced , 
however, the type b pro
tein appears to be 1 0 
times more active in in 
vitro assays. For detailed 
reviews of human G-CSF 
and its receiptor, see Refer
ences 7 and 8. 

Interestingly, the G-
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Figure 1 

Fig 1. Molecular organintion 
of the gene encoding hum1n 
G..CSF, structure of the G·CSF 
RNA transcript, and secondary 
structure of the native human 
G-CSF protein. 

66_% alpha helix 
17% beta sheet 

0 • cysteine residues 

CSF gene is somewhat homologous to the IL-6 gene. IL-6 has a variety of activities in vitro, but its 
major effect appears to be enhancement of immunoglobulin secretion, stimulating the differentiation 
of late B cells, and supporting the growth of myeloma plasma cells (9). It is tempting to speculate 
that the homology in structure between G-CSF and IL-6 corresponds in some way to the relative 
similarity in lineage specificity between the two cytokines, i.e. both seem to act primarily on a single 
cell lineage at very late stages of development to promote terminal differentiation, albeit granulocytic 
cells for G-CSF and 8 cells for IL-6. However, there is additional data to suggest the IL-6 may have 
other activities on megakaryocytes and early stem cells, although most of these latter activities appear 
to be observed only in combination with other cytokines. 

The G-CSF product available for human use from the AMGEN company is produced in E. coli 
by recombinant DNA technology. Because it is produced in E. coli, it lacks the glycosylation found 
in the native human molecule and has an added methionine at the N-terminus, but otherwise is 
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FIG. The primary structure of human G-CSF. Type ··a·· has an insertion of 3 amino acids (Vai-Ser-Giu) between 
Leu 35 and Cys 36 of Type "' b"'. Thr 133 is the site of glycosylation . 

Figure 2 

identical to the human type b molecule. The lac.k of glycosylation does not appear to have any 
adverse effect on biological activity. However, recent evidence suggest that the glycosylated 
molecule derived from chinese hamster ovary cells, and thus identical to the normal human molecule, 
may be more stable that the unglycosylated product currently in clinical use ( 1 0) . 

Ill. Secretion of G-CSF 

Unlike erythropoietin, which is produced largely in the kidney, most cytokines, including G-CSF 
are expressed in a remarkable diversity of both types and locations of cells. Several reports have 
demonstrated that G-CSF mANA is expressed constitutively in a variety of cell types in vitro , 
particularly blood monocytes, fibroblasts, and mesothelial/endothelial cells ( 11-13). The half-life of 
the mANA is short, less than 15 minutes, however, and it is difficult to detect actual G-CSF protein 
produced by these unstimulated cells. In contrast, after exposure of these cells to inducers of G-CSF, 
such as lipopolysaccharide, the half-life of G-CSF mANA increases transiently, resulting in an 
accumulation of message, and production of detectable G-CSF protein. The post-transcriptional 
regulation of the G-CSF mANA has been linked to a poly-AUUUA sequence present in the 3'
untranslated region of the mANA ( 14), a sequence that is also present in several other cytokines, 
including GM-CSF, IL-1, IL-6, and tumor necrosis factor. One suggestion created by the distribution 
of this 3'-mANA instability sequence is that this may serve as a mechanism for the coordinate 
regulation of a variety of cytokine genes. 

In addition to these post-transcriptional mechanisms of G-CSF regulation, transcriptional 



mechanisms have also been described, consist-
ing of several upstream elements in the G-CSF 
gene promoter that possess similarities to 
known classes of regulatory elements in other 
genes (7-8) . One decanucleotide sequence 
(GAGATICCCC) is highly conserved in sequence 
in the upstream regions of G-CSF, GM-CSF, and 
IL-3, and has been proposed as the critical CSF 
or cytokine consensus element, but a protein 
factor that binds to this sequence has not been 
isolated as yet. Finally, the production of G-CSF 
in vitro has been stimulated by a number of 
different agents, including tumor necrosis factor 
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FIG. The major network of G-CSF production . 
(15), IL-1 (16). IL-3 (17), IL-4 (18), gamma
interferon(19). and GM-CSF itself (17). Figure 3 Figure 3 
is a recent schema that attempts to account for 
the known mechanisms of G-CSF production by non-hematopoietic cells and monocytes. 

IV. Serum Levels and Physiologic Role of G-CSF in Humans 

The physiologic role of G-CSF in vivo is still not completely understood. However, there is 
some evidence that G-CSF does play a role in maintaining normal steady-state hematopoiesis. First, 
although the levels of G-CSF in normal individuals are usually undetectable or very low as measured 
by either bioassays or ELISA methods ( < 30 pg/ml) , during infection the levels of G-CSF may rise to 
very high levels ( > 2000 pg/ml) (20-24). In 
addition, there is good evidence for an inverse 
correlation between G-CSF levels and the periph
eral neutrophil count in aplastic anemia, or 
following cytotoxic chemotherapy (22). Thus, 
as shown in figure 4, the highest levels of G
CSF are found in the most severe cases of 
aplastic anemia. G-CSF levels also rise at the 
nadir of neutrophil counts in patients with cyclic 
neutropenia (22 ), a condition which will be 
discussed in more detailed subsequently. 

Most interestingly, in the dog there is one 
piece of evidence that suggests that G-CSF not 
only regulates granulocytes during stress, but 
may also be essential for the maintenance of a 
basal level of hematopoiesis. Normal dogs 
treated with human G-CSF have occasionally 
developed antibodies against the human mole
cule that nevertheless cross-react with the 
endogenous canine growth factor. In these 
dogs, a profound neutropenia has been de
scribed, and the neutropenia does not resolve 
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FIG. . Graph showing the relationship between se
rum G-CSF level and blood neutrophil count in pa
tients with aplastic anemia. infectious diseases. and 
lung cancer. The G-CSF levels were estimated by en
zyme immunoassay (EIA) . In aplastic anemia. there 
was a reverse correlation between them (r = -0.8169. 
p < 0.01). 

Figure 4 
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until the antibody disappears (25) . In addition, infusion of the plasma from one neutropenic dog into 
a normal animal produced prompt neutropenia. Thus, this one piece of data suggests that G-CSF may 
in fact be the physiologic regulator of granulopoiesis , i.e. the molecule that is analogous to 
erythropoietin for red blood cells. 

The effects of G-CSF on human granulopoiesis has been examined in vivo in two patients given 
tritiated thymidine to label the bone marrow cells induced to proliferate by the growth factor (26). 
The survival of technicium labeled neutrophils was also studied. The results showed that the increase 
in the peripheral neutrophil count resulted from increased proliferation at all stages of granulopoiesis, 
particularly resulting from increased entry of cells into the myeloblast compartment. Most importantly, 
the half-life of circulating neutrophils was not different from normal, demonstrating that the increase 
in neutrophils was not simply due to a longer half-life of cells in the circulation. Sequestration of the 
neutrophils in the spleen, liver, or lungs was not observed . Thus, the overall effect of G-CSF appears 
to result from increased marrow production and acceleration of granulocyte maturation. 

It is also interesting to note that very long term exposure to G-CSF has been studied by 
introducing the G-CSF gene into murine bone marrow cells (27). Not surprisingly, the animals carrying 
this gene, which was under the control of a very strong viral promoter, and thus expressed very high 
levels of the cytokine, developed sustained granulocytosis in the peripheral blood . Although some 
infiltration of the liver and lungs was 
noted, no premature death or organ 
damage was noted in mice that over
expressed G-CSF for more than 6 
months. As we shall see , this result is in 
contrast with the extensive tissue dam
age and premature death seen with 
chronic over-production of GM-CSF (28). 

V . The G-CSF Receptor 

The gene for the G-CSF receptor 
has been cloned and mapped to human 
chromosome 1 (29, 30). As shown in 
Fig . 5, the G-CSF receptor is homologous 
to the beta subunit of the IL-6 receptor, 
but appears to function as a high affinity 
binding site for G-CSF by homodimeriza
tion, rather than by association with a 
different subunit (31 ). In this regard, it is 
interesting to note the recent findings 
that the beta IL-6 receptor molecule, 
which is also termed gp130, is also 
involved in the high affinity receptors for 
two additional cytokines, Oncostatin-M 
and LIF (leukemia inhibitory factor) (32). 
As shown in Fig. 6, the gp130 chain (in 
black), can function by itself as a low 

Ex1r•c.llul.ar 
l~no-blndlng 

Figure 5 

G-CSF·R 

type I type II soluble 

IL-6-R 

...--"------.. 

gp 130 



affinity receptor for Oncostatin, or in combina
tion with the low affinity alpha LIF receptor, 
form a high affinity receptor that binds both LIF 
and Oncostatin. Oncostatin M has multiple 
effects in vitro, including the inhibition cit some 
cancer cell lines, but it has recently been identi
fied as the most potent mitogen known for 
AIDS-Kaposi's sarcoma cells (33, 34). It is 
tempting to speculate that the G-CSF receptor 
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molecule, which is homologous to the gp1 30 
component of the IL-6 receptor, might also Figure 6 
interact with an alpha subunit, possibly to bind 
different cytokines which may not yet be identified. 

Also shown in Fig . 5 is the finding that alternative splicing leads to the production of apparently 
three different receptor species, two that are membrane bound but have different lengths of the 
intracytoplasmic domain, and one that lacks the transmembrane domain and appears to be a secreted 
form of the receptor (35). Relatively little is known yet about the regulation of receptor expression 
or the significance of these different forms of the receptor. In addition, the receptor cytoplasmic 
domain lacks any known kinase activity or domain, and thus the mechanism responsible for signal 
transduction after binding of G-CSF is also unclear. 

As might be expected, the G-CSF receptor is found on progenitor cells committed to the 
granulocyte lineage, mature neutrophils, and some, but not all, myeloid leukemia cells (36, 37) . 
Neutrophils appear to express from 50-500 receptors per cell. Numerous studies have shown that 
approximately half of myeloid leukemia cells have receptors for G-CSF with an affinity and number 
that does not seem to be significantly altered (38-44). Although the G-CSF receptor is limited largely 
to myeloid cells, endothelial cells (45), placenta (46), and some small cell lung cancer cell lines (47) 
have been shown to express the receptor, although the physiologic significance of this relatively low 
level of expression is unclear. 

VI. Structure of GM-CSF 

GM-CSF is a glycoprotein of 14-35 kD 
synthesized from a gene located on human 
chromosome 5q. This location is very close to 
the gene for IL-3 and also in the general region 
of chromosome 5 that includes the genes for IL-
5, IL-4, and macrophage CSF. As shown in Fig. 
7, the gene spans approximately 2.5 kB of the 
genomic DNA and consists of three introns and 
four exons. The gene product is a mature 
protein of 127 amino acids, but varying patterns 
of glycosylation account for the highly variable 
molecular weight (48). 

2.5 Kb 

RG. . Diagram of the structure of the human granu
locyte-macrophage colony-stimulating factor (GM
CSF) gene. Coding regions are shown as open boxes. 
with the number of amino acids encoded indicated. 
Shaded areas indicate untranslated areas of the 
mRNA (adapted from reference 10). 

Figure 7 



9 

As shown in Table 3, several different recom-
binant preparations of GM-CSF have been developed 
by the drug companies, depending on the source of 
the molecule, i.e. E. coli , yeast, or mammalian cells. 
The product available for use currently is the yeast 
product of lmmunex which is glycosylated, but the 
pattern and carbohydrate moiety accounting for this 
glycosylation may be different from that of the 
native human molecule. Interestingly, the ungly
cosylated product obtained from E. coli has the 
highest specific activity (49). and the ability of GM
CSF to stimulate proliferation decreases with in
creasing glycosylat ion. Although the function of the 
molecule in vivo does not appear to be affected by 

TABLE 

Source 

Yeast 

Available recombina n t preparations 
of GM-CSF 

Company 

lmmunex 
Behringwerke 
HRPI 

Spec1t1c act1v1ty. 
un1tS1mg of protem 

Escherichia coli Schering-Piough 
Sandoz 

1 X 108 

Cos cell 
CHO cell 

Sandoz 
Sandoz 
Genetics Institu te 

4-8 X 106 

5.4 X 106 

GM-CSF. granulocyte-macrophage colo ny-st1mulatmg fac
tor: HAPI. Hoechst-Roussel Pharmaceuticals . Inc. 

the presence or absence of glycosylation, it is Table 3 
possible that the pharmacokinetics may be some-
what different and the frequency of antibody formation (50) or toxicity (51) may also be affected. 
Presumably, glycosylation is normally involved in the secretory process. increasing the binding to 
plasma proteins and thus increasing survival in the circulation . 

VII . Secretion of GM-CSF 

GM-CSF is produced by activation of a variety of cell types, including T cells, macrophages, 
mast cells, endothelial cells, and fibroblasts (for a review of GM-CSF, see Ref. 52). Inducers of GM
CSF expression by these cells are in part similar to those described for G-CSF, i.e. tumor necrosis 
factor, IL-1, and lipopolysaccharide (16, 53-55). As discussed previously for G-CSF, both transcrip
tional and post-transcriptional mechanisms account for the increase in GM-CSF accumulation after cell 
stimulation . Thus, the GM-CSF gene also has the 3' untranslated region AUUUA sequence that 
appears to affect mRNA stability and the decanucleotide consensus sequence in the 5' promoter 
region that is also found in IL-3, IL-2, and G-CSF. 

VIII. Serum Levels and Physiologic Role of GM-CSF in Humans 

Unlike G-CSF, GM-CSF is rarely detected in the circulation (24, 56) . Therefore , GM-CSF 
behaves like a locally produced and acting factor, rather than as a hormone. This model of GM-CSF 
function is consist ent with a potential physiologic role of GM-CSF in enhancing local host defenses 
at the site of an immune challenge. Consistent with this model is the finding that GM-CSF may 
produce an inhibition of neutrophil migration at inflammatory sites with prolonged exposure (57 -59). 
Thus, there has been some concern that in the setting of an established tissue infection, parenteral 
administration of GM-CSF may actually impair the migration of neutrophils to the site of infection 
despite leading to a marked increase in numbers of circulating granulocytes. This effect on neutrophil 
migration has not been seen with G-CSF (60) . On the other hand, the clinical significance of this 
effect of GM-CSF, particularly at lower doses, is unclear. One recent report suggests that co
administration of pentoxifylline, an inhibitor of tumor necrosis factor , may be useful in preventing this 
effect of GM-CSF (61, 62). 
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The effects of GM-CSF on human granu
lopoiesis in vivo has recently been examined by 
labeling bone marrow cells with tritiated thymi
dine both in vivo and in vitro in four patients 
receiving a 10 day course of GM-CSF (63). The 
results showed that the peripheral half-life of 
granulocytes during GM-CSF administration was 
increased approximately 6 times over normal, as 
shown in Table 4 in comparison to results 
obtained with G-CSF by the same group. AI- Table 4 
though these studies are clearly preliminary and 
need independent confirmation, the data also suggest that if one did not include the stimulation of 
eosinophilia that occurs with GM-CSF, the total stimulation of peripheral neutrophils was 
approximately 3-4 fold. Although there was also an acceleration of cell-cycling in the bone marrow, 
a finding in accord with studies by another group (64). leading to increased production by the marrow 
compartment, simple measurement of the peripheral granulocyte count markedly overestimated the 
actual stimulation of neutrophil production by GM-CSF. 

Also in contrast to G-CSF, prolonged exposure to GM
CSF in a transgenic animal model leads to blindness, caused 
by an accumulation of macrophages in the eye, and wasting 
and premature death associated with infiltration of macro
phages into striated muscle (28) . In a related model in which 
the GM-CSF gene was overexpressed in bone marrow cells by 
infection with a retrovirus construct, a fatal myeloproliferative 
syndrome is observed, although transplantation experiments 
into secondary recipients suggest that the proliferation is non
neoplastic, i.e. non-transplantable (65). 

IX. The GM-CSF Receptor 

Two distinct chains that together constitute a high
affinity GM-CSF receptor have been cloned. The alpha chain, 
which was cloned from placenta (66), by itself can bind GM
CSF with low affinity. However, because the cytoplasmic tail 
consists of only 54 amino acids, it is thought to lack signal
ling activity. The second beta subunit, which by itself cannot 
bind GM-CSF, has also been cloned (67). and together the 

L-5 GM-CSF L-3 KH97 

1signal 

alpha and beta subunits can bind GM-CSF at high affinity. Figure 8 

Low 
AfflniiY 

Interestingly, very recent experiments have shown that the IL-3 and 11-5 receptors all share the 
same beta chain with the GM-CSF receptor (68-70), as shown in Fig. 8. Fig. 9 compa~9s the subunit 
sharing observed with the IL-3, GM-CSF, and IL-5 receptors with the IL-6, LIF, and Oncostatin M 
receptors. Of interest, this scheme suggests a mechanism for possible competition between IL-3, IL-5 
and GM-CSF for limiting amounts of the common beta subunit. In this regard, it is interesting to note 
that IL-3 and GM-CSF have many of the same target cells in vitro, although IL-3 appears to stimulate 
an earlier progenitor population than GM-CSF, while all three cytokines are able to stimulate 
eosinophils. In fact, the major activity of IL-5 appears to be in the eosinophil lineage, where it is 
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probably the most important cytokine (71, 72). 

Not surprisingly, the GM-CSF receptor ap
pears to be widely expressed on hematopoietic cells 
(73, 74). In addition, receptors have been found on 
endothelial cells (45) and some tumor cells, includ
ing small cell lung cancer and melanoma (75) . 
Melanoma cells, however. only express the low
affinity receptor, and do not appear capable of 
transducing a signal when stimulated with GM-CSF 
(52). Neutrophils possess the high-affinity GM-CSF 
receptor at about 800-1 000 sites per cell. The 
highest receptor expression is observed on the most 
mature cells. 

X. Comparison of G-CSF and GM-CSF: Pharmacolo
gy, Effects on Myeloid Cells, and Side-Effects 

GM-CSF administered to human subjects by 
either intravenous or subcutaneous routes produces 
an initial immediate and transient fall in the circulat
ing neutrophils, monocytes, and eosinophils (76-78). 
This effect is thought to be due to sequestration of 
leukocytes in the lungs (79) and occurs with every 
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Ag. Comparison of the IL-6, OSM, and LIF 
rc:cc:pror system (A) to the: GM-CSF, IL-3, and 
IL-5 rc:cepror system (B). High-affinity binding is 
represented by broad arrows and low-affinity 
binding by thin arrows. 

dose of the drug, followed by recovery to baseline Figure 9 
within several hours. Continued daily dosing of the 
drug, however, produces progressive leukocytosis with a marked left shift, i.e. with the appearance 
of immature granulocytes (76-78, 80). The response to continued administration has also been 
described as biphasic, with the first rise seen in the first five days, followed by another transient fall 
in numbers, and then a second response that continues until the patient is no longer receiving GM
CSF. This pattern of response has been attributed to an initial demargination and release from a bone 
marrow storage pool, followed at later times by actual increased marrow production, although recent 
kinetic studies described previously suggest that the second phase may also result from a much longer 
half-life of neutrophils in the circulation. Following cessation of the drug, the white blood count 
returns to normal over 3-5 days. 

Although the recommended dose of GM-CSF for human use is 250 Jlg/M2/day given as an IV 
infusion over 2 hours, some investigators have recommended extending the time of infusion to 6 
hours to reduce side-effects. In various studies doses have actually ranged from 100-500 Jlg/M2/day, 
or 2.5-12.5 Jig/kg/day, with the magnitude of the leukocytosis being dose dependent. Despite the 
approval for IV administration, however, the optimal schedule for GM-CSF appears to be 5 Jig/kg/day 
given subcutaneously in two divided doses. The s.c. route of administration is associated with better 
efficacy as compared to IV bolus schedules, and the high peak levels achieved with IV routes are more 
likely to result in shortness of breath at the first treatment and a higher incidence of pericarditis. 

Phase I studies of recombinant G-CSF demonstrated that the drug produces a dose-dependent 
leukocytosis when given by either IV bolus (81, 82) • continuous IV infusion (83). or subcutaneous 
administration (84, 85). The recommended dose of G-CSF is 5 J19/kg/day given either subcutaneous-
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ly or as a single IV injection. No upper limit for G-CSF dose has been established as patients have 
been treated to achieve white blood counts of 200,000 without serious side-effects. An acute , 
transient fall in neutrophil counts has been observed with G-CSF {8 1), similar to that seen for GM
CSF. With continued administration, the morphology of the circulating neutrophils changes, with a 
left shift to more immature forms and the appearance of Dohle bodies and toxic granulations. 
Recently , the appearance of giant neutrophils in the circulation in response to G-CSF has been 
described (86) . Interestingly, neutrophils with the Pelger-Huet anomaly have been reported to respond 
to G-CSF with an enhancement of nuclear segmentation (87) . 

Table 5. Effects of CSF on mature cells 

Factor Target cells 

G·CSF neutrophils 

GM·CSF neutrophils 

mo nocytes 

Table 5 

f antibody·dependent ce ll·mediated cytotoxici ty 
t generation of superoxide anio n 
t release of arachidonic ac id in respo nse to chemoattractants 
1 priming o f ce lls to activat ion by bacterial prote in 
f antibody·dependent cell ·media ted cytotoxici ty 
t metabo lic energy 
t phagocytosis (bacteria, parasites. yeast). inhibits migration 
1 ce ll adhesiveness to endothe lium 
t ge ne ration o f superoxide 
f production of ILl 
1 chemotaxis 
t re lease of prostaglandin E. pl asminogen activator. interfe rons. tumour necrosis factor. M·CSF 
f antibody·dependent cytotoxicity 
f cell adhesion 

Both G-CSF and GM-CSF have been shown to enhance a large number of effector cell 
functions seen in mature neutrophils. Thus, in addition to stimulating the growth of neutrophil 
progenitors , both cytokines have well documented effects on neutrophil function, including the 
induction of adherence proteins, stimulation of phagocytosis, and priming for chemotaxis, 
degranulation, and superoxide anion production. These effects are summarized in Table 5. Of note, 
however, GM-CSF has marked effects on macrophages, eosinophils, and basophils which are not seen 
with G-CSF. For reviews of these effector cell functions, see references 52 for GM-CSF and 8 for G
CSF. Both G-CSF and GM-CSF have also been reported to increase the numbers of hematopoietic 
progenitor cells in the blood by approximately 10 fold (88, 89) . As we shall see later, this effect is 
being exploited to harvest cells from the peripheral blood for autologous transplantation. 

Side-effects of both drugs have been surprisingly limited. For G-CSF, mild bone pain controlled 
by acetaminophen was the only consistently observed adverse effect, occurring in about 25% of 
patients. In addition, elevations of alkaline phosphatase, LDH, and serum urate have occurred and . 
are thought to be related to the leukocytosis and increased cell turnover. Splenic enlargement has 
been seen in children with chronic neutropenia receiving G-CSF for prolonged periods. In addition, 
individual cases have been reported of Sweet's syndrome (acute febrile neutrophilic dermatosis) in a 
patient with pre-existing hairy cell leukemia and cutaneous vasculitis (90) and bullous pyoderma 
gangrenosum at the site of previous eczema in a patient receiving G-CSF for small cell lung cancer 
(91) . One case of transient thrombocytopenia has been reported (92) and a recent case of 
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anaphylaxis has been described (93) . 

Although GM-C SF is also generally well tolerated, it appears to be more toxic than G-CSF at 
equally effective doses. Toxicities include bone pain, fever , malaise, myalgia, arthralgia, anorexia, 
mild rises in the transaminases, and a rash at the site of injection. More seriously, higher doses of 
GM-CSF have been associated with the capillary leak syndrome, including pleural and pericardia! 
effusions, ascites, and renal failure . These latter problems, however, have only been frequently 
observed at doses of more than 30 pg/kg/day. Although some of this toxicity has been attributed 
to induction of TNF, it is also possible that the marked eosinophilia that occurs at high doses of GM
CSF may also play a role in certain types of tissue damage. In this regard, a recent case of 
epidermolysis bullosa acquisita characterized by skin bullae filled with eosinophils has recently been 
reported in a patient receiving GM-CSF (94). Other patients with cutaneous eruptions have also been 
reported. 

Other toxicities attributed to GM-CSF appear to relate to its stimulation of macrophages of the 
reticuloendothelial system or induction of antigen-presenting cells, TNF, and possibly IL-6. Thus, two 
cases of rheumatoid arthritis flares (96, 97). several cases of reactivation of autoimmune thyroid 
disease with reversible thyroid dysfunction (98). and several cases with acceleration or reactivation 
of other autoimmune diseases, such as ITP (78) and autoimmune hemolytic anemia have been 
temporally associated with the administration of GM-CSF (99). Based on these observations, it seems 
reasonable to observe caution in patients with a history of autoimmune disorders or collagen vascular 
diseases. 

Two additional effects of GM-CSF have recently been described that raise some concern for 
long term drug use. In human studies, GM-CSF appears to inhibit the generation of natural killer cells 
(100) . Somewhat similarly, in mice given GM-CSF, a reversible, marked inhibition of primary 8 cell 
lymphopoiesis has recently been reported ( 101). 

X. Overview of Clinical Trials with G-CSF and GM
CSF 

Table 6 summarizes the range of clinical 
conditions that have been proposed as indications 
for GM-CSF or G-CSF. The common thread linking 
most of these disease states, of course, is neutro
penia severe enough to cause fever and infection. 
As we shall see, the utility of the CSF's in many of 
these neutropenic states has been the subject of 
intense investigation in the last five years. Howev
er, for the purposes of this review, I am going to 
divide the causes of neutropenia into two some
what different groups which may be more useful 
for analyzing the results of the available clinical 
trials. 

In the first group are states that are associ
ated with chronic stable neutropenia of any cause, 
whether it be congenital or acquired, benign or 
neoplastic, idiopathic or immune-mediated. The 

Table · P01cntial applications of CSFs 

Correction of insufficient hemawpoiesis: 
Trea tment of Anemia 
Prevention of chemotherapy-induced neutropenia 

Possibility of dose intensification 

Autologous bone marrow transplantation 

Stimulation of hematopoiesis in primary bone marrow failure 
Aplastic anemia 
Congenital neutropenia or other idiopathic cytope nias 

Use in the treatment of leukemias 
Treatment of acute myeloid leukemia 
Myelodysplastic syndromes 

Expansion and recruitment of circulati ng progenitor cells 

Peripheral blood stem cell transplantation 

Activation of effector ce ll function 
Infections 

Leukocyte function disorders 
AIDS 
Tumor cytotoxicity 

Table 6 
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important concept here is that these states are not the result of an acute event or injury, and thus the 
marrow is not expected t o under cycling or kinetic changes in the absence of the cytokine . 

In the second group, however, are acute neutropenias that involve an injury to the marrow, 
usually drug-induced, that is expected to be reversible, albeit with a time course and duration of 
neutropenia severe enough to be associated with high risk of morbidity and/or mortality. In this 
category, I will also include a unique congenital disease, cyclic neutropenia, which may serve as a 
possible model for the optimal use of cytokines in the acquired, drug-induced marrow cycling states, 
most commonly following chemotherapy . Finally, at the end , a third miscellaneous group of uses for 
CSF's, such as acute leukemia, harvesting of peripheral blood stem cells, and acceleration of recovery 
after bone marrow transplantation will be considered . 

XI. Risk of Infection with Neutropenia 

Before considering the results of trials of CSF's, it may be appropriate to briefly review the data 
on the risk of infection in neutropenia. Obviously, prolonged and severe neutropenia is an over
whelming risk factor for bact erial infection, particularly when the neutrophil count is less than 1 00 
per mm 3

. However, to evaluate the clinical trials of CSF's, where the endpoints are generally days 
of fever , days of neutropenia, and incidence of proven infection, an assessment of the relative risks 
inherent at various endpoints, such as 1000, 500, or 250, or 100 absolute neutrophils provides a 
valuable baseline for assessing claims of benefit from CSF's . 

Surprisingly, data on the quantitative relationship between the severity and duration of 
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neutropenia and the risk of infection is relatively limited . The classic study carried out in 1966 on leu
kemic patients by Bodey and his colleagues at M .D. Anderson is summarized in Fig. 10 (102). For 
patients in remission, probably a better group to compare to other patients with malignancy or with 
qualitatively normal neutrophils, the risk of infection and the frequency of infectious episodes appears 
to be modestly increased for neutrophil counts in the 500-1000 range, and markedly elevated for 
counts between 100 and 500, with a further increase in risk occurring with counts less than 100. 
A subsequent study by the same investigators in patients with metastatic breast cancer suggested 
that the risk of infection was increased only by ANC's less than 500 ( 1 02). Other investigators have 
emphasized the risk for short durations of neutropenia at an ANC of 1 00 or less ( 1 03). 

The implications of these findings are that studies which only report, for example, a decrease 
in the number of days with a granulocyte count of < 1 000 or even 2000 are probably not 
demonstrating a clinically significant benefit that will translate into a decreased incidence of fever and 
infection. One may even question the value of endpoints of 500 absolute neutrophils, although this 
is the most common number reported. As we shall see, however, perhaps the best study demonstrat
ing the benefit of G-CSF in chemotherapy-induced neutropenia actually induced a median nadir of 
approximately 1 00 absolute neutrophils. 

The correlate of this discussion is that Phase I trials with both GM-CSF and G-CSF clearly 
demonstrated that in prolonged bone marrow aplasia, i.e. more than a week, neither cytokine affected 
the duration of very severe granulocytopenia defined as an ANC less than 100. However, both 
growth factors can accelerate the recovery phase of neutrophil counts significantly. Thus , the higher 
the neutrophil level s.elected to report the effect of CSF's on number of days with neutropenia, the 
more impressive the difference will appear relative to the control arm. However, if the most 
significant neutrophil count for infection risk is 200, for example, rather than 500, the difference in 
the number of days to reach a ANC of 200 will be much less than that for days to reach 500 or even 
1000. Clearly, the most useful method would be to report the days of neutropenia at not only < 1000 
or < 500 ANC, but also < 200 ANC and < 100 ANC. Unfortunately, very few studies provide this 
data. 

XII. Congenital Chronic Neutropenia 

Patients with chronic congenital neutropenias are frequently at risk for recurrent infections, 
particularly those with chronic counts of < 500 
ANC/mm 3

• These patients are predisposed to 
skin infections such as furuncles and cellulitis, 
infections of the oral and gingival mucosa, 
pneumonia, liver abscess, otitis media, and 
septicemia. Table 7 lists some of the condi
tions in the differential diagnosis of severe 
chronic neutropenia, both congenital and ac
quired (1 05). Another group of patients with no 
history of infection and somewhat higher neutro
phil counts have been termed chronic benign 
neutropenia and clearly do not require treatment 
with CSF's. 

TABLE 
Differential Diagnosis of Severe Chronic Neutropenia 

Acquired Congenital 

Idiopathic Myelokathexis 
Large· granular Shwachman·Diamond 

lymphocyte· mediated syndrome 
neutropenia X-linked agammaglobulinemia 

Vitamin B12 or folate Dysgammaglobulinemia 
deficiencies Glycogenesis-type 18 

Drug· induced hypersplenism Cartilage·hair hypoplasia 
syndrome 

Dyskeratosis congenita 
"Lazy leukocyte" syndrome 
Chediak·Higashi syndrome 

A separate entity from those listed in the Table 7 
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Table is Kostmann's syndrome or severe congenital agranulocytosis ( 1 06). These chi ldren have 
severe neutropenia at birth, usually less than 200 ANC, frequent infections, increased risk of early 
death, and autosomal recessive inheritance. The bone marrow is unique in demonstrating an arrest 
of myeloid maturation at the promyelocyte-myelocyte stage. 

The results of treatment with CSF's for severe congenital neutropenias, particularly with G
CSF, have been very impressive. Ganser et al. (107) treated four patients with GM-CSF and noted 
increased white blood cell counts in all cases and resolution of infections. In another single case , 
Vadhan-Raj et al. ( 1 08) treated one patient with chronic neutropenia with IV GM-CSF and observed 
an increase of eosinophils and monocytes, but not neutrophils. The patient experienced a marked 
decrease in the incidence of infection, however, despite the persistence of neutropenia. Finally, Welte 
et al. (109) have described an additional 5 patients treated with GM-CSF. Although all 5 had rises 
in their white blood cell count, in four of the five the increase was again attributable to eosinophils . 
Two patients nevertheless resolved chronic gingivostomatitis. However, one patient's severe lung 
disease from anaerobic Peptostreptococcus did not improve and one patient developed a Staph aureus 
paronychia while on treatment. 

Interestingly, these five 
patients were crossed over to 
subsequent treatment with G
CSF. As in the examples shown 
in Fig 11 , the four patients who 
were not responsive to GM-CSF 
had impressive rises in the neutro
phil count with G-CSF. No severe 
bacterial infections occurred 
during therapy and the patient 
with the severe pneumonia had a 
dramatic clearing of lung infil
trates . Long term treatment was 
well tolerated and the white 
counts remained elevated as long 
as treatment was continued. One 
patient on G-CSF did develop a 
leukocytoclastic vasculitis that 
occurred whenever the ANC was 
> 1 000, but has not had a recur
rence of the skin infiltration with 
counts maintained in the 200-800 
range. 
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Figure 11. (A) GM-CSF treatment; (8) G-CSF treatment. 

Studies by other investigators have confirmed the marked benefit seen with G-CSi-. Bonilla 
described five patients with Kostmann's syndrome who all achieved ANC's greater than 1000 within 
1 0 days of starting treatment, with resolution of chronic infections and a marked reduction in the 
incidence of new infections and requirement for antibiotics (11 0). Figure 13 illustrated the response 
of the ANC in these patients to G-CSF. Since these original reports, larger cooperative trials in both 
the United States (1 05, 111- 112) and Japan (113, 114) have confirmed the beneficial effects of G
CSF in this group of patients. In 41 patients in the United States, only one failed to respond (105), 



while in Japan 1 5 of 1 7 cases re
sponded well to therapy (114) . Not 
surprisingly, recent studies have 
shown that these patients do not 
have a defect of the G-CSF receptor 
(115). 

Finally, a few case reports 
have documented benefit from GM
CSF and G-CSF for neutropenia result
ing from glycogen storage disease 
type IB (116, 117). Although one 
patient had to discontinue GM-CSF 
therapy due to severe local side 
effects, this patient was successfully 
treated with G-CSF. One additional 
case of neutropenia due to myelo
kathexis has been reported to benefit 
from GM-CSF, although the develop
ment of bone marrow fibrosis after 4 
months of continuous therapy neces
sitated temporary discontinuation of 
treatment ( 11 8) . 

XIII. Acquired Neutropenia and Aplas
tic Anemia 
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Figure 2. Absolute Neutrophil Counts (ANC) per Microliter of Peripheral Blood in the 
Study Patients dunng rhG·CSF Administration. 

Doses (in micrograms per kilogram per day) are shown below the bars. Crosshatching 
denotes intravenous bolus infusion, stippling intravenous continuous infusion, and 

hatching subcutaneous administration. 

In contrast to the experience Figure 12 
with congenital neutropenias, the 
responses to GM-CSF and G-CSF in acquired aplastic anemia have been more variable. Most patients 
treated with GM-CSF experienced an increase in both leucocyte count and bone marrow cellularity 
(77, 119-122). The responses were generally not sustained, however, and the white count returned 
to baseline after discontinuation of therapy. Moreover, significant improvements in neutrophil counts 
appears generally to be limited to patients with initial white cell counts greater than 1 00 ANC; 
patients with very severe neutropenia or very hypocellular bone marrows did not respond (120). Very 
few patients have experienced a response in other hematopoietic lineages, as judged by a decrease 
in transfusion requirements or platelet counts, although one elderly patient with apparent aplastic 
anemia appears to have had a trilineage response to GM-CSF that was sustained for more than a year 
(123). Randomized trials have not been reported to definitively assess whether treatment with GM
CSF can decrease the long-term morbidity and mortality of this disease. 

Somewhat more encouraging results have been reported in 8 children with aplastic anemia who 
were refractory to standard treatments, including antithymocyte globulin (124). With progressive 
escalation of drug doses to as high as 32 JJQ/kg/day, six of the children had a rise in ANC of more than 
500 within 4 weeks. No infections occurred during the month of treatment, one patient maintained 
the increased ANC for 2 months and another for more than a year after treatment was discontinued. 
At the highest dose, one child developed hypoxemia, bilateral pleural effusions, and pericardia! 
effusion, which resolved after diuresis and reduction of drug dose. 
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More recently limited experience with G-CSF has been described . A Japanese groups has 
demonstrated that 1 2 of 20 children treated with G-CSF with variable increases in neutrophil counts 
(125, 126). As with GM-CSF, responses were limited to increases in neutrophils and no lasting 
benefit was seen. Similar results were reported in the Japanese literature by another group ( 127). 
A small number of cases treated with G-CSF and erythropoietin, or very long courses of G-CSF have 
had sustained responses in more than one cell lineage (128, 129). although it is difficult to distinguish 
these cases from spontaneous recovery of the bone marrow. Finally, the combination of cyclosporine 
A and G-CSF has been reported efficacious in a few patients with severe aplasia ( 1 30, 131) . 

Other causes of isolated, acquired neutropenia in the adult have also been treated with 
recombinant growth factors. Two cases of idiopathic neutropenia associated with recurrent infections 
have responded well to G-CSF ( 132, 133). One case of agranulocytosis associated with a 
proliferation of large granular lymphocytes markedly improved the ANC from less than 200 to 2000 
during the course of treatment (134). Two out of three cases in children were also reported to correct 
with G-CSF (1 05) A previous case of neutropenia associated with large granular lymphocytes did not 
respond to GM-CSF (135). and one case of neutropenia associated with Felty's syndrome improved 
with GM-CSF (96). 

XIV. AIDS 

Experience in AIDS has been primarily with GM-CSF. This cytokine has been given to AIDS 
patients not only to ameliorate the neutropenia that occurs with virus infection and AZT therapy, but 
also in an attempt to enhance the immune function by stimulation of macrophage activity. Clearly, 
this latter effect will not be expected for G-CSF. Although initial reports raised concerns that GM-CSF 
might in fact increase the replication of the HIV virus (136, 137). several clinical studies have not 
shown any significant change in the levels of the p24 antigen or recovery of virus from cultures of 
peripheral blood monocytes (76, 138, 139). Long-term administration of GM-CSF for over 8 months 
was reported to be well tolerated (138). 

Administration of GM-CSF in AIDS patients with leukopenia results in marked increases in 
numbers of circulating neutrophils, eosinophils, and monocytes, as original:y reported by Groopman 
and colleagues in the New England Journal of Medicine (76). In fact, this was the first reported trial 
of GM-CSF in human clinical trials. More recently, the same investigators have reported in Phase 1/11 
trials that GM-CSF can ameliorate the toxicity of chronic AZT administration ( 139). or the combination 
of AZT and interferon alpha in the treatment of Kaposi's sarcoma ( 140, 141 ) . Similar results have 
been reported by other investigators with GM-CSF, AZT, and interferon ( 141). and GM-CSF for 
ganciclovir-induced neutropenia ( 142). 

Although experience with G-CSF is more limited, several recent reports demonstrate that G
CSF is also effective in ameliorating neutropenia in AIDS (14Z: and toxicity from AZT (144, 145). 

XV. Myelodysplasia 

The treatment of cytopenias resulting from a variety of preleukemic states collectively termed 
the myelodysplastic syndromes with GM-CSF and G-CSF have been the subject of intense 
investigation and are well reviewed in several recent articles (146-148). Table 8 lists the subtypes 
of MDS agreed upon by a French-American-British group. Notice that the percentage of blasts 
increases in the RAEB (refractory anemia with excess blasts) and the RAEB-T (refractory anemia with 
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TABLE 1. 

The FAB subtypes of MDS 

Table 8 

Type 

RA 

RARS 

RAEB 

RAES.T 

CMMol 

Peripheral blood 

< 1% blasts; reticulocytopenia, 
macrocytosis or normochromic/ 
normocytic 

< 1% blasts; dimorphic red 
cell morphology 

<5% blasts; cytopenias in 2 
or 3 cell lines 

5-29% blasts, or any Auer 
rods 

<5% blasts; 
>1x10'/1 monocytes 

Bone marrow 

Usually erythroid hyperplasia with 
dyserythropoiesis; <5% blasts 

As in RA. but Type Ill sideroblasts 
~15% of erythroid precursors 

5-20% blasts; 2 or 3 cell lines 
showing dyspoiesis 

20.30% blasts; any Auer rods; 
othelwise as RAEB 

1-20% blasts; monocytosis 

excess blasts in transition) . One obvious concern in treating these patients is that the CSF's could 
accelerate the growth of the leukemia cells, many of which have receptors for these factors, as 
previously discussed. 

Thus far, five major trials of GM-CSF in myelodys
plasia have been reported ( 119 .- 149-152). The results of 
these studies are summarized in Table 9. Generally 
treatment was relatively short-term , i.e. 1 to 2 weeks. 
Overall, most patients had predictable rises in granulocyte 
counts which were not sustained after discontinuation of 
the treatment, although in one study two patients had an 
elevation persisting for more than 6 months ( 152). A 
small number of patients had improvements in either 
reticulocytes, transfusion requirements, or platelet count. 
About 25% of the patients had a increase in marrow 
blasts which generally reversed after discontinuation of 
therapy, although some patients underwent progression 
to AML, particularly those with higher blast percentages 
prior to growth factor therapy . Thus, most studies now 
limit CSF's in myelodysplasia to patients with blasts less 
than 15% of the marrow. A sixth recent study from 
M.D.Anderson of 29 patients with myelodysplasia has 
emphasized the use of "low-dose" GM-CSF, i.e. 5-10 
pg/M 2

, as opposed to the usual doses of > 120 pg/M 2
• 

In this study, 14/29 patients responded to this very low 
dose therapy without any side-effects (153, 154). A 
randomized multi -institutional trial of GM-CSF treatment 

Table 1. Effects of Recombinant Human GM·CSF and G-CSF 

in Phase 1/ 11 Cliniul Tri als of Patients with 

Myelodysplastic Syndromes 

GM-CSFn 11 G-C SF l' 31 

Short-term treatm ent 7 to 14 days x 1-5 42 to 56 days 
duratiOn courses dai ly, IV da1ly sub-

or subcutaneously cutaneously 

30-750 J.LQ /m ~ 

Daily dose 30-750 IJ.Q / m 1 0.1 ·3 ~g l kg 

Number of patients 45 18 

FAB subrypes 

RA /RAEB- 1412615 2.' 16 / 0 

RAEB·1/ CMML 

Responses 
Neutrophils 38 184%1 16 (89% } 

Reticulocytes 14 5 
Platelets 8 

Marrow maturation 16 

Increased blasts 12 

Progress1on to AML 

l ong-Term Treatment 

Duration 2·9 weeks1
' 6·28 months 11 

Pers1stent neutrop hil 1/ SH 10/ 1 11' 

responses / patients 

Table 9 
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vs . observation in MDS has been reported in abstract form (155). Twenty-one patients with MDS, 
all with less that 1 5% blasts, have received GM-CSF. Nearly all had at least a two fold increase in 
granulocyte counts, and in eight cases the responses lasted more than 6 months. No improvements 
in platelet or hemoglobin levels have been seen. The impact of therapy on infections and progression 
to AML has not yet been reported. · 

One disappointing aspect of these GM-CSF trials is that nearly all of the increases in 
granulocyte numbers appear to have come from the neoplastic clone, as judged by cytogenetic and 
molecular analysis. Thus, although the growth factor can induce differentiation of the abnormal cells, 
it does not favor proliferation of the normal clones and therefore does not lead to a remission of the 
patient 's disease. While this finding appears to be a generally valid rule, two cases who achieved 
what appears to be a remission of their myelodysplasia, one non-clonal and one still clonal, have been 
reported (156, 157). On the other hand, administration of GM-CSF has been reported to enhance 
neutrophil function (158) and increase expression of the complement"receptor (159) in these patients 
who frequently have defective granulocyte function. 

Side-effects of GM-CSF in these studies have generally been the same as those reported for 
other patients. However, in one study a small number of patients appeared to have significant 
increases in marrow fibrosis ( 160). Spleen enlargement was also apparently more prominent in these 
patients ( 1 61), and one case has been reported who perforated an unsuspected cecal granulocytic 
sarcoma while receiving GM-CSF. Finally, a few pilot studies have been reported in MDS using a 
combination of low-dose cytosine arabinoside and GM-CSF (163, 164). Use of the CSF's in AML and 
in an attempt to cycle leukemic cells to achieve greater cell killing will be discussed more extensively 
in the section on leukemias. 

Finally, G-CSF has also been used to treat patients with myelodysplasia, particularly at Stanford 
(165-167) and in Japan (168-170). Table 9 compares the American results with G-CSF with those 
reported for GM-CSF. Generally, the results are comparable with both factors. Cytogenetic 
abnormalities, if present, did not improve despite the increase in neutrophil counts . No significant 
changes in eosinophil, platelet, monocyte, or lymphocyte counts were seen. Toxicity was minimal. 
on'e case with a rise in platelets and red cell values during treatment with G-CSF has recently been 
described (171). 

XVI. Cyclic Neutropenia- A model for chemotherapy-induced neutropenia? 

Cyclic neutropenia is a rare hematologic disorder characterized by recurrent episodes of severe 
neutropenia at 18-21 day intervals (172). The disorder is benign, although recurrent skin infections, 
chronic gingivitis, cervical adenopathy, and subcutaneous abscesses are a frequent complication of 
the neutropenic episodes. Approximately 300-400 patients in the United States are estimated to have 
this usually congenital disorder. The etiology in uncertain, although an autosomal dominant pattern 
of inheritance is observed in the majority of families. Although steroids, androgens, and plasma
pheresis have been tried in the past, none of these therapies alters tt.e cycling of cell counts or the 
nadirs of granulocytes which are usually < 200 ANC. 

A similar disease is also known to occur in grey collie dogs, although the length of the cycle 
is different. Indeed, the original use of G-CSF for these disorders was reported in these dogs (173). 
When G-CSF (5 J.Jg/ kg s.c. bid) was given to animals with cyclic neutropenia, the leukocyte counts 

continued to cycle with the same period. However, the cycling occurred at a new, higher level of 
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granulocytes, sufficiently high to eliminate the periods of significant neutropenia. 

Shortly after these resul ts in 
the dog model were described, the 
same investigators published their 
results with G-CSF in six human 
cases of cyclic neutropenia in children 
(174). As shown in Fig . 13, G-CSF 
raised the granulocyte level in these 
patients without eliminating the 
cycling . However, the elevation was 
sufficient in these children to greatly 
reduce or eliminate the number of 
days with ANC of < 200. Most 
importantly, the frequency of mucosi
tis and infection was markedly re
duced. Indeed, in the first 40 months 
of treatment, no typical mouth ulcers 
or bacterial infections occurred, and 
the chronic gingtvttts improved. 
Similar results with G-CSF have been 
reported by a group at the University 
of Michigan (105), and in numerous 
case reports and small series of 
patients from Japan, Europe, and 
Scandinavia (1 13, 114, 175-181). 

GM-CSF has also been admin
istered to children with cyclic neutro
penia, albeit with less success. In the 
dog model it was originally observed 
that GM-CSF did not significantly 
alter the cycling of the granulocytes 
(1 73), and that it increased the peaks 
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Figure 1. Neulrophil Counts Performed Daily or Every Other Day. 

The counts for each patient are shown as thousands of neutrophils per microliter . The 
dosage of G-CSF is indicated above each rectangle (representing a treatment period). 
At least six weeks of observation preceded each patient's treatment. For Patient 1, the 
lirs1 four months are shown, as well as months 8 and 9 of treatment. IV denotes 

intravenous, and SC subcutaneous. 

of neutrophil counts but without Figure 1 3 
affecting the duration or severity of 
the nadir (182) . Two patients treated 
with GM-CSF have been reported to develop only eosinophilia, without significant effect on the 
neutrophil count ( 183, 1 84). However, one recent case treated with very low doses of GM-CSF has 
been reported to respond with a complete elimination of cycling and no significant eosinophilia (185) . 

Although cyclic neutropenia is a rare disorder, the periodicity of the neutrophil counts and the 
accompanying remarkable changes in marrow cellularity and proliferation appear to be a possible 
model of the changes that occur with cycles of chemotherapy. In this regard, one observation in 
cyclic neutropenia that may be particularly relevant is that the most clinical benefit is achieved when 
the G-CSF is started early in the cycle or given continuously. What is much less effective is to give 
G-CSF at the beginning of the neutrophil nadir. This model of administration is similar to what has 
been used for chemotherapy treatment, i.e. start the growth factor within 24-48 hrs after completing 



22 

drug therapy, rather than waiting until 10-14 days after treatment when the nadir will generally occur. 
Although it seems reasonable to start growth factors early, the real question is whether there is any 
benefit identifiable when G-CSF or GM-CSF is started at the time of severe granulocytopenia and 
fever. As we shall see later, very little data is available to address this point, although clinically we 
are frequently faced with a septic patient' admitted with very low granulocytes following chemothera
PY and asked to decide whether to give CSF's. Of course, with relatively few side-effects, the 
underlying issue here is cost, which will also be discussed subsequently. 

XVII. Chemotherapy-Induced Myelosuppression 

A. Introduction 

Chemotherapy-induced myelosuppres-
SUPPRESSION OF NEUTROPHILS BY DIFFERENT 

CYTOTOXIC AGENTS 

Action 

Immediate 
Early 
Delayed 
latent 

Time lapse 

0-48 hours 
1-3 weeks 
b-8 weeks 

Agents 

Hydroxyurea, radiation 
Alkylators, anthracyclines 
Nitrosoureas, mitomycin C 
Busulphan 

sion, with its resultant fever, infection, sepsis, 
hospitalization, antibiotic therapy, and possible 
death, is one of the major limitations faced by 
the oncologist using cytotoxic therapy. In many 
cases, an inadequate white blood cell count is 
the only abnormality that prevents the adminis
trations of full doses of chemotherapy, resulting 
in either delays in drug delivery or reductions in 
drug dose. Although one cannot always prove Table 1 0 
that less intensive therapy necessarily results in 
a lower remission and/or cure rate in every clinical situation, most oncologists strongly believe that 
a reduction or delay in drug therapy does compromise patient outcome. The evidence that higher drug 
doses result in higher cure rates in lymphoma, Hodgkin's disease, and breast cancer, for example, was 
the subject of my previous Grand Rounds on autologous bone marrow transplantation, and will not 
be reviewed here. 

As most of you know, the time of neutro
phil nadir with most chemotherapeutic agents in 
1 0-14 days, although a few drugs have relative
ly immediate effects, a few delayed effects, and 
one drug, Busulfan, appears to produce a latent 
marrow injury to primitive stem cells (Table 1 0). 
In general, most studies with the CSF's have 
examined drug regimens that produce the classic 
kinetics of marrow injury, starting the cytokine 
within 24-48 hours after completion of chemo
therapy and continuing daily treatment until after 
the resolution of the neutropenia, usually discon
tinuing drug at a total white count of 10,000. 

PROPENSITY OF CYTOTOXIC AGENTS TO CAUSE 
NEUTROPENIA 

Absent to mild 

Vincristine 
Bleomycin 
L -asparaginase 
Hormones 
Tamoxifen 

Moderate 

Vinblastine/vindesine 
Actinomycin 
Epipodophyllotoxins 
Cisplatin 
Dacarbazine 
Methotrexate 
Purine analogues 
Hexamethylmelamine 
Procarbazine 

Severe 

Alkylating agents 
Anthracyclines D 
Nitrosoureas 
Mitomycin C 
Pyrimidine 
analogues 

Hydroxyurea 

In addition, different drugs used in current Table 11 
chemotherapy regimens differ in their toxicity to 
the bone marrow. Table 11 list those drugs that produce little , moderate, and severe marrow injury. 
Not surprisingly, some of our most effective agents, such as Adriamycin and cyclophosphamide are 
highly marrow toxic. 
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Because neutropenia is such a major factor in cancer chemotherapy, the use of CSF's to reduce 
this toxicity has been the subject of intense investigation in the last 5 years. Both GM-CSF ( 186-211) 
and G-CSF (82, 83, 85, 212-223) have been administered to patients receiving both standard and 
increased doses of chemotherapy for a variety of solid tumors and lymphomas. Initial studies, of 
course, were usually uncontrolled or compared with historical controls. Later studies used the 
patients as their own control in some cases, giving the CSF in either the first or second cycle of the 
same regiment and comparing the severity of neutropenia, number of febrile days with neutropenia, 
number of days receiving antibiotics, increase in total hospital days, and tumor response and overall 
survival. Finally, more recently randomized double-blind placebo controlled trials have been reported. 

B. GM-CSF 

The first major study of GM-CSF described 16 non-randomized patients with sarcoma who 
served as their own controls, receiving GM-CSF in the first cycle at doses from 4-32 .ug/kg but not 
in the second (186). The GM-CSF cycles had shorter periods of neutropenia, with 3.5 days of < 500 
ANC for cycle 1 and 7 .4 days for cycle 2. There was statistically significant difference in the nadir 
ANC, and no difference in the number of hospital admissions for fever and neutropenia, however. An 
additional difficulty with this study is the tendency of patients to have progressive worsening of their 
cytopenias with each subsequent course of chemotherapy. Thus, cycle 2 might have had lower 
counts even if no GM-CSF had been given in cycle 1, although the authors argued that historical 
controls receiving the same treatment demonstrated no differences between the first and second 
cycle. 

Two other studies using a similar design in patients with Hodgkin's disease, one giving the GM
CSF (2-16 .ug/kg) in the first cycle of MOPP therapy and alternating thereafter (199) and the other 
giving GM-CSF (2-8 .ug/kg) in the second cycle and alternating (203). have been reported . 
Interestingly both papers found that GM-CSF was only effective in shortening neutropenia at the 
higher doses, i.e. 8-16 pg/kg. There was no difference in the incidence of infection in either study. 
One reason for these results may have been that both chemotherapy regimens give drugs on both day 
one and day 8 of each 18 day cycle, thus the GM-CSF was not started until relatively late in the 
treatment course . 

Timing of GM-CSF treatment may also have been sub-optimal in two other trials. In a double
blind randomized trial, Biesma reported 30 patients that were randomized to treatment with GM-CSF 
plus antibiotics or antibiotics alone (188). However, the GM-CSF (2.8 .ug/kg) was not started until 
the actual hospitalization for fever! With this dose schedule, the recovery from mean nadir at 
admission of < 1 00 ANC was not statistically different, although once the ANC was greater than 
1 000 the values in the GM-CSF group were consistently higher. In addition, GM-CSF did not shorten 
the days of fever or antibiotic administration. More recently, the same group reported 15 patients 
with ovarian cancer receiving carboplatin and cyclophosphamide with the GM-CSF being increased 
with each cycle from 1.5 to 3 to 6 .ug/kg, and the patients randomized to GM-CSF or placebo (194). 
Again, the GM-CSF was not started until day 6 and given until day 12. Although there was a 
significant decrease in the incidence of ANC < 500 at the highest dose of GM-CSF (20 of 22 placebo 
cycles vs. 5 of 1 7 high GM-CSF cycles). there was no difference in the need to reduce chemo doses 
or delay therapy. The effect on days of fever was not reported. 

More positive results were described in another study that reported 22 patients with various 
malignancies who were given GM-CSF for the second cycle of treatment if the first resulted in an 
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ANC < 1000 ( 1 90). In this study, the mean nadir was 100 ANC in the first cycle and 840 in the 
second (p < 0.01 ). In this study the number of days with fever and antibiotics was also significantly 
reduced . In another study of 23 patients with non-Hodgkin's lymphoma, 23 received GM-CSF after 
several cycles of chemo with Mitoxantrone and cytosine arabinoside, while 1 4 patients were treated 
with chemo alone ( 1 97). The duration ·of neutropenia, defined as days with an ANC < 500 was 
significantly reduced, but the difference in infection rate was not statistically significant. Of interest, 
the incidence of mucositis was significantly reduced in the GM-CSF group, an observation made in 
other studies as well. 

In 25 children with solid tumors receiving 5 day courses of cisplatin and etoposide, GM-CSF 
was studied by progressive escalation of the dose starting at day 6 of each cycle and comparing the 
results with previous cycles at lower doses (1 95) . The results showed a 50% reduction in median 
days with fever and neutropenia at the higher GM·CSF doses ( ~750 ,ug/m2

). Finally, 30 patients with 
AIDS-associated non·Hodgk.in's lymphoma receiving CHOP chemotherapy were randomized to receive 
either GM·CSF from days 4 to 13 or placebo (202) . There were statistically significant reductions in 
nadir, duration of neutropenia, and days hospitalized for fever and neutropenia (4 .9 vs. 1 .8) . There 
was no difference in response rates or survival. 

Overall, it seems likely that GM·CSF does reduce the incidence and duration of neutropenia, 
as defined by ANC < 500. However, the extent of the benefit on fever, antibiotic use, hospitalization, 
and survival benefit is less certain. Phase Ill randomized trials are in progress, but pending their 
outcome, the FDA has not yet approved GM-CSF for the amelioration of chemotherapy-induced 
myelosuppression. It is also unclear whether GM-CSF will eventually allow escalations in the doses 
of chemotherapy, but promising trials have been reported ( 1 89, 1 91 ) , although one group was unable 
to escalate the dose of Melphalan with GM-CSF support . 

C. G-CSF 

The initial studies were single arm studies with patients serving as their own controls (2 1 2, 
21 3) . In the study reported in the New England Journal of Medicine, G·CSF was given in the first 
cycle of M-VAC therapy for bladder cancer, with no cytok.ine in the second cycle. Although again one 
could argue that counts would have inevitably been lower in the 2nd cycle, the G·CSF cycle had 90% 
reductions in the number of days with an ANC < 1000 and < 500, but only the difference in the ANC 
< 1 000 was statistically significant. The days of antibiotic used for fever and neutropenia was 
significantly reduced, however, and the patients able to receive the drug dose planned for day 14 of 
the treatment cycle was higher. As seen with GM-CSF, the incidence of mucositis was also 
significantly less. The other study looked at patients with small cell lung cancer receiving CAE 
therapy (Cytoxan, Adriamycin, and Etoposide) and achieved similar results. There was no difference 
in survival, however. Other studies have also reported shorter neutropenic periods with G·CSF (214) 
and the ability to give chemotherapy at 1 4 day instead of the usual 21 day intervals (2 1 6). 

The double-blind randomized placebo controlled study which gained FDA approval for G·CSF 
is that reported by Crawford et al. in the New England Journal of Medicine last year (223) . In this 
study, approximately 200 patients with small cell lung cancer were randomized to receive up to 6 
cycles of chemotherapy (c-yclophosphamide, doxorubicin, etoposide) with or without G·CSF. 
However, if a patient developed a febrile neutropenic episode, a cross-over to open label G·CSF was 



allowed. The results of this study for the first 
cycle are shown graphically in Fig . 14 and on 
the title page of this protocol. The duration of 
ANC < 500 was reduced from 6 days to .3 days 
by treatment w ith G-CSF from day 4 to day 1 7 
of the 21 day cycle . During cycles of blinded 
treatment, the days of antibiotics, the days of 
hospitalization, and the confirmed infection 
incidence was reduced approximately 50% in 
the G-CSF group. The only side-effect was bone 
pain in about 20% of the patients. Table 12 
shows the results for the first cycle of therapy 
only. 

Table 2. Indicators of Neutropenia during Cycle 1 (Double-
Blinded AdminiStration). 
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culture-confirmed infections is not given and the 
vent itself was relatively rare , i.e. 13.3 % in the 
acebo group vs. 6 .5% in the G-CSF group. Sec

ndly, the "majority" of these confirmed infections 
ere bacteremias or respiratory tract infections, but 

pparently an uncertain proportion were less serious 
factions. Given this low incidence of culture 
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Table 12 positive fevers, it is not surprising that G-CSF had no 

effect on overall mortality or survival. The high rate 
of fever without infection is not surprising, and G-CSF clearly reduced these signif icantly , but the 
frequency of these may have been high in this patient population who were instructed to take their 
temperature daily, regardless of symptoms. In routine clinical practice, many of these fevers may 
have gone undetected. 

XVIII. Bone Marrow Transplantation 

A . GM-CSF in Autologous Bone Marrow Transplantation 

In contrast to G-CSF, GM-CSF has received approval from the FDA for use in autologous bone 
marrow transplantation. Since myelosuppression is the dose-limiting toxicity for many chemotherapy 
regimens, in order to treat certain tumors that are resistant to conventional doses of chemotherapy 
it has proven necessary to "rescue" the bone marrow function by the infusion of the patient's own 
bone marrow cells which were collected and stored prior to the chemotherapy. Even with this 
infusion of bone marrow cells, the recovery of adequate granulocytes requires anywhere from 1 5 to 
25 days, depending on the particular chemotherapy regimen used. 

In this clinical setting, a number of trials using historical controls established that recovery of 
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> 500 ANC was clearly accelerated in patients receiving GM-CSF (224-229) . One negative report 
involved "purged" bone marrow that had been treated with a drug to remove residual cancer cells. 
and thus may not have been very good bone marrow for reconstitution 1230). In most of these 
studies, the number of febrile days was reduced and the length of hospitalization shortened compared 
to historical controls. No difference in survival has been reported, however. With the exception of 
one study (224), recovery of platelets and red cells was also not affected by GM-CSF. Mucositis and 
liver and kidney complications of transplantation appear to be reduced in frequency. 

Recently, several randomized trials of GM
CSF in ABMT have been reported (231-235). 
Nemunaitis et al. described 128 patients with 
lymphoid malignancies with 65 receiving GM-CSF 
for 21 days and 63 receiving placebo. Consistent 
with the earlier trials, GM-CSF patients reached a 
ANC of 500 7 days earlier than placebo patients. 
Figure 1 5 shows the actual mean ANC in the two 
groups. The number of days with fever did not 
differ between the two groups, although the GM
CSF had fewer documented infections (11 vs. 19, 
p = 0.1 ). The number of days of antibiotic adminis
tration was reduced significantly from 27 to 24, 
and GM-CSF patients required 6 fewer days in the 
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Figure 2. Mean Daily Absolute Neutrophil Counts in 65 Patients 
Who Received rhGM-CSF and 63 PaUents Who Received 

Placebo. 

hospital. There was no difference in patient surviv- Figure 1 5 
al at 1 00 days. A smaller study with 69 lymphoma 
patients reported similar results, with patients achieving an ANC Of 500 at 1 2 days as opposed to 16 
days for placebo, and a statistically significant difference in bacterial infections (234). Time to platelet 
independence, duration of hospital stay, and survival were not affected. Finally, Gulati and Bennett 
(235) reported on 24 patients, 12 randomized to each arm, and found shorted duration of neutropenia 
and platelet transfusion, and an 8 day shorter hospitalization. However, infection, response rate, and 
survival were the same in the two groups. One problem with this last study is that 58% of the 
placebo group received concomitant radiation therapy while only 17% of the GM-CSF group got 
radiation therapy. 

The long-term follow-up of patients receiving GM-CSF has been described (236). There were 
no late graft failures, and no difference in survival, relapse, or long-term marrow function. Three other 
non-randomized studies have reported promising results with GM-CSF to stimulate bone marrow 
function in patients with prolonged cytopenias following transplant, presumably due to delayed 
engraftment or actual graft failure (237-239). 

B. GM-CSF in Allogeneic Bone Marrow Transplantation for Leukemia 

Fewer studies have been reported with GM-CSF in allogenic transplants because of a concern 
that GM-CSF might worsen graft-versus-host disease or accelerate leukemic relapse. An initial study 
in patients with graft failure who had received allogeneic transplants did not observe any exacerbation 
of GVHD (239). On the other hand, one small study of 10 patients suggested an unusually high 
severity of GVHD in their patients treated with GM-CSF (240). Two non-randomized studies from 
Seattle of matched sibling donors (242) and unrelated donors (243) did not observe any increase or 
worsening of GVHD, as compared to historical controls. These authors also could not conclude that 
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GM-CSF reduced the duration of neutropenia or incidence of infection relative to the historical 
controls . 

Finally, two randomized trials fr()m European groups have been reported (244, 245) . One 
study randomized 40 patients and observed a ANC recovery to 500 3 days earlier in the GM-CSF 
group which was not statistically significant, although the median count at day 14 was significantly 
higher (1900 vs. 460) . There was no evidence for higher relapse rate or incidence of GVHD, and the 
duration of hospitalization was the same in both groups. The second study randomized 57 patients 
and used T-eall depleted bone marrow grafts. Early neutrophil count, even at > 100 ANC and 300 
ANC was significantly faster for patients given GM-CSF, and the incidence of pneumonia was 
significantly lower in the treated group. The incidence of GVHD and early mortality was not different 
in the two groups, and relapse rates are not different at 2 years median follow-up. 

D. G-CSF for Bone Marrow Transplantation 

Results obtained with G-CSF have been more limited but similar to those reported for GM-CSF 
in autologous transplants (246-251) and allogeneic transplants (252). All of these studies are 
compared to historical controls. Nearly all of the studies report a reduction in the time to achieve a 
neutrophil count of 500, and some find significant reductions in antibiotic use (246). However, in this 
latter study the incidence of fever and bacteremia was similar and there were no effects on platelet 
or red cell transfusions . 

XIX . Peripheral Blood Stem Cells 

One additonal novel use for CSF's is in the harvesting of stem cells for autologous 
transplantation. Particularly where malignant cells may have infiltrated the bone marrow , some 
investigators believe that peripheral blood stem cells mobilized by treatment with CSF's may be less 
likely to be contaminated with residual tumor. Both GM-CSF (64, 89, 253) and G-CSF (88) have been 
shown to increase the levels of hematopoietic progenitor cells in the peripheral blood. Combining 
CSF's with the recovery phase from chemotherapy provides even a greater augmentation of these 
circulating cells (254). Small numbers of patients in various phase I trials have been supported 
through high-dose chemotherapy with cells collected following stimulation with GM-CSF or G-CSF 
(255-259). 

XX. GM-CSF and G-CSF for Leukemia Induction 

In addition to their use in accelerating hematopoietic recovery, in leukemia it has been proposed 
to use CSF's to turn on cell cycling of the leukemic cells and thereby increase anti-leukemic cell killing 
by subsequent chemotherapy. Although this approach is still clearly in an early investigational phase, 
a large number of largely in vitro studies appear to demonstrate that most patients leukemia cells can 
be induced to proliferate after stimulation by CSF's, and that in some cases this cell cycling can 
increase sensitivity to cytotoxic agents (260-268). 

One major randomized clinical study using G-CSF in 1 08 patients with acute leukemia has been 
reported in the New England Journal of Medicine (269). G-CSF accelerated granulocyte recovery to 
an ANC > 500 on day 20 in the G-CSF arm and day 28 in the control arm. Platelet recovery was 
unaffected and the incidence of febrile episodes was the same, although documented infections were 
significantly tess frequent in the G-CSF arm. The rate of relapse was reported to be the same in the 
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two groups. Several other studies have been reported using GM-CSF as compared to historical 
controls I 270-276). In some of these studies, GM-CSF was also given pre-chemotherapy in order 
to "recruit" the leukemia cells into cell cycle and increase their sensitivity to cytotoxic drugs . Most 
of these studies report a reduction in time for neutrophil recovery and no effect on the rate of 
remission, however, one study from M.D. Anderson observed a lower complete remission rate and 
lower overall survival for the 56 GM-CSF treated patients as compared to a historical control group 
of 176 patients (276) . Moreover, patients who did not enter a remission with this treatment appears 
more likely to have persistent leukemia in their marrows rather than prolonged marrow aplasia , 
suggesting GM-CSF may have accelerated regrowth of residual leukemia. Not surprisingly, the authors 
suggest caution in the use of GM-CSF in the induction treatment of acute leukemia. 

XXI. Conclusions and Recommendations 

In conclusion, the value of G-CSF in the congenital neutropenias seems unequivocal. In 
myelodysplasia, both CSF's can increase neutrophil counts but do not lead to sustained remissions 
or preferential proliferation of the residual non-neoplastic bone marrow cells. Whether prolonged 
therapy with CSF's will lead to a reduction in infection and prolonged survival remains to be shown 
in randomized trials. Given that CSF therapy costs about $200 to $300 per day, the economic benefit 
of reduced infections may not be sufficient in the absence of evidence for an effect on overall 
survival. 

Reported Clinical Benefrts of Combining G-CSF 

With Chemotherapy 

Reduction in the period of neutropenia 

Reduction in the number of febrile days 

Fewer infections 

Fewer days on antibiot ics 

Delivery of chemotherapy on schedule 

Reduced mucositis 

Accelerated monocyte recovery 

For cycling marrow states, such as congenital cyclic 
neutropenia and cancer chemotherapy, G-CSF seems to have 
been shown to clearly affect the duration of neutropenia and to 
a lesser extent the depth of the nadir. In one large randomized 
study, this effect was accompanied by a reduction in infec
tions , antibiotic use, and hospitalization. Again, however, no 
benefit on survival was seen. In addition, this trial produced a 
very high incidence of neutropenic fevers, as compared to 
many of our standard chemotherapy regimens. Thus, it seems 
warranted at this time to use G-CSF for those regimens which Table 13 
produce a high incidence of hospitalization for fever and 
neutropenia. Even in this setting, it may not be necessary to use G-CSF on all patients, but limit it 
to those patients who have one admission for fever and neutropenia, or possibly patients who 
demonstrate a very low nadir count on a previous cycle, even if fever does not occur . Table 13 lists 
some of the reported benefits of G-CSF in patients receiving chemotherapy. 

Should G-CSF be given to the patient who is admitted in the midst of fever and neutropenia? 
Although this question has not been studied rigorously, there is very little data to suggest that growth 
factors provide significant benefit in this setting . The few studies that have looked at using CSF's 
at the nadir or starting late in the chemotherapy cycle have usually found that there is not benefit to 
this late administration. The model of cyclic neutropenia also demonstrated that G-CSF must be 
started early to achieve a significant reduction in the subsequent nadir count. Thus, although G-CSF 
is benign treatment, on a purely economic basis, it is currently difficult to justify its routine use in 
patients admitted with the usual fever without source in the setting of neutropenia that is usually a 
few days in length. 

For now, GM-CSF appears to be limitied to its use in bone marrow transplantation support. 
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With its greater number of side-effects, and the concern over the inhibition of granulocyte migration, 
and the recent kinetic studies suggesting much of the increase in granulocytes is accounted for by 
a longer half-life in the blood, rather than a true increase in total body granulocyte pool. the wide
spread use of GM-CSF seems to offer no advantage over G-CSF. One area of investigation that may 
favor GM-CSF, however, is in fungat or parasitic infections where stimulation of macrophage or 
eosinophil function is needed . In addition, a number of investigators are seeding to augment the anti
tumor immune surveillance functions of macrophages, presumably partly in presenting antigen , by 
treating patients with GM-CSF. 

Finally, the eventual hope of the CSF's is that we will be able to increase drug dose, i.e. achieve dose 
intensification, or shorten the interval of drug dosing, and thus achieve a greater clinical benefit in 
terms of survival. Whether such intensification is possible remains remains to be determined in 
controlled trials. In early studies, thrombocytopenia has become the limiting factor, although 30-50% 
intensification has been reported in some abstracts from the recent meeting of the Amercian Society 
of Clinical Oncology. Clearly, the future holds the promise of new cytokines, particularly used in 
combination with exisiting CSF's to further minimize myelosuppression of whatever cause. For those 
interested in reading more about the clinical use of G-CSF and GM-CSF, a number of recent review 
articles may be of interest (277-288). 
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